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METHODS AWND MATERIALS

E?’T‘b—-'i was qu'cc:asLu}_ly launched on Judy 23,1972 and prcvx.ﬁa photoorachic
and digital imagery of selected areas of G"em:a. ;

Two frames covering the Athens-Delphi and Eastern Pelooonnsse provinoes

in the south eastern part of the country ware studied in this investigation.

Tnc studied remote s=nsing indtormation vas recorded on the 2rg of August,
72 The local tire was about 10,30 a. m.

Crounﬁ mth informaticn vas t:olle'xva pricr to the lzunching of FRIS-1.
Data affected by temporal veriaticns were collected on the date that the -
‘satellite obtained information over Greece.

Black and white photographic imagery was studied first and gray scale
classes were related to land use features and to ferest density.

Falsc- color ¢ carposite p"r‘mg“aphs were used next, o further separate land
use features,evaluate agricultaral and forest sites and classify soils into

- brozd categories.

Digital imagery was p“ocesseﬁ at L2RS (Fu and Langrebe 196%) using the

IARSYSAA computer program to determine detailed land use classes, map crop
. distributions and %o recdognize salinity and.drainage conditions of the scil
:Ln selected small areas. E S -

Iarﬁ feature Irans, p:eua_aﬁ from nh.otocraph_lc and d.‘:.glta._ Jmacery, vere chec_v:eﬂ
in the field and their accuracy was tested. Thus improved relationships ..
bﬁtwean grouud truth and sps\,tral ._l'l'FO...ul-ﬂt..lDI'l were a"‘h_ana:l. '

REST ’PS AND -DISCUSSTION
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e
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o
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o
o
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l_l

caphic Imagery

_ '.MLIJ.L.].SDECtZ'&:l scanner and R8V p‘ﬁo*wm-abhlc imegery -was- cmalvzam ard the
' _fol.i.omncr land features were recognized.

.Land Use - Patterns.. - ' ' R

""he 'r-e'*ogq tion of tnc land use putterns was bc.Smﬂ on th= s‘_ucl; of‘ NS gray
. scaie classes and of the spatial characteristics of the RJJ' and MSS black
and vmte and of the false cclor carposite imzges. '

Vegetation wes best separated fram Fare lend on the RPV chamnel 2 and MSS
chznnel 6 imagery.

hz photographe were stidied with uee of a magnifying viewer and a steresscope.
Ticht gray scale clasees were visually reocorized on the BBV channsl 2
Llack and white fransosrencies. Bestziled or 0_1::1 +ruth data were ussed for

iR he g Rl
&L RN } -
e e o o Ay g
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Tekle 1. Classification of land features 51 photcgrarhic
imagery

Gray Appearance in color Geographic and spatial] land uss class.
scale; composite D“““’“C’L»{‘ characteristics

cless

o Dark blu Sza, lalke, river Tater
Bright red ¥Filat land, geomatri- Well irricated agrid
cal chapes culture

- Reddish brown-pink Ccastal slopes Dense Ralepo pine

. forest

D Bright red Intand mountaing Dense hd-weed fores

" Red to pink’ Flat lard, fregmented | Marginally irrigated
T fields agricultere

" Mottled (red,browm,
- yellow, purple)

Coastal slopes

Thin HJ eno pme:,
shrubs

Imland mountains

Thin hardwoods,
shrubs

19

K
£,

""‘"'LGZI, mostly
dish browm and vy
o lowish

]

Snrubs, pines, olivd
trees, bare soil ang
rockq 1mpmumﬁ

JLAR S

" Flat Slb’—

vihite,

Lo Yellowish vhite ‘co or gentliy 1 Non irricated olive
S . orange ing lang groves, vineyvards
.5 ) “with some m:-.es and
T ) ) foteratisy
. White, yellowish Flat or gently slo- Won ixrigated winten
white, kEluich Ping lavd bore zoil

TN
creres,

. ~
Thip shrohz and
rocks

Y — L. . - -
Ragged mountain slo- Bare wasteland
LESs :
Beeidontial catterns Citiez avd tovms




=5 -
This class, duz o the irvreguler mining of thin for
bare =0il and sove denze stands, has'a charvsoteristic fexture consisting
of srall areas of different brightness,

ray scale class 4 corresgords to raced ping
severe ¢razing and hubering, has lost & ores pert of its vegetationa

(.
3 i

cover. Consecuuently intensive erosics
I o @

S SMIDED = D
. = oyl - T T P " _
portion of surface of the land. Due o the high reflectivity of the bare
s0il and exposzd bodrock, +the rattern of this clase is brighter then that
) AT o =1 e e o~ - = e
O the previcus clags. The tewture, hososver is ths sames in koth claszses,

Olive groves and vinevards in Gresce zre -
Bare s0il represents shout 50% of the tobal arca and it contributes signi
Ticantly to the refiectivity of the ian? sur ce. Due to the dry climate
and the lack of irrigation, the plants sufle no

roisture stress and thus they abscr®h less vi

class is only slight

Crops grow mostl thern Greace o
siopes of tertiary formations.

b = 4
chily darker than ih
in Sou

1

SN

o guaternary czposits and on the

i~

The separation of this class from the fellowing class of winter Creps on
the black and vhite photographs is difficult. :

On the false color composite, class 5 shows a vellowish orange tinge, tlms
it can be separated from the vellovish white colored class 6, Tha SepstE-

ticn of class 5 from class 4 is relatively easy Lezzuss of the difference
in the brightness of the surface. e

Due to the fragrentation of the cultivat
4+

clive graves is not feasible on the 1:1,000,0600 space rhotogoraphs.,

Cray scale class 6 is hrighter than the previcus clzscss, bacouss Garing
- = = 5 - _ . L _ e ' . \ “
berica or Aaugust, when the data ware obtained Ly D051, the respaocoive
o o
2

land surfaces consicted either of b
Eﬂﬁw@mﬁ% wneat and WmHPmH. -

is not easily recognized from class 7 inm +

Clzes € 1y e gray scale. Class 7,
however, is mainly fourd on mountainsus terrain vhile class § is lccated
on the quaternary and tertisry  devosite of lowsr lznds,

Timesi i
ﬁowwwhoﬂ_...ﬁmb(_.ﬂ.._.nm,ﬁwﬁ: mozwchﬂwmm.m.oo.

bare soils.

In tha falsz color cripesite photosreph class 6 im we edominantly white
w3 ) s

Class 7 corresponds mainly 0 kare &0il and rook outcrops located on the
S oL i n T aeed st S e i i o e BERIE -
erocel mountaenius land and to rosidostial feR, Viach, In Greece, usust

ol

kave sparse vegstation.

- . o S o P A
crest stands with shruks,

*
r during the swmer monthe from

" 1
& pare soil. Ceurorphologically, these
k. _

ted areas and the brightening effect
of the large porticn of the bare soil, the geparation of vineyards from the

)
}
—+

ct

in most cases non irrigated croos.

il



- G -

cizmes 7 consists of spavse small shurbs of
a

frms the reflection pattern is determi-

Class 7 1

a s the hrichiest of all the recegnized by naked eye gray ccale, clas—
ses. Tts semovation, however, frem class 6 is difficult on the black and
Tt Ty

white photograph. Cn the false colcr composite photograph, howsver, it has
a dinstincs bluizh wvaite color paouliar to this class. :

Ficures 1 and 2 show lad use mep of Central and Eastern Peloponnase made
on the Bacis of ERTS- 1 photogrephic imagery, .

The minimem si=
1:1,000,050 =

-e of the area, which could bs classified and mappsd on the
cale photographic imagery was asout 500 hectars.

- it <

Ecological Site  Evaluation

+

The subhumid ard the sani-arid climatic zones cover the croatest part of
Greece”s productive lands. Therefore, the water supplying power of the soil

Guring the dry months is a critical and in mony cases the limiting factor
for the growth of thz plants.

Tha conditions which. affect the water supplying power of the soil in the
agricultural lands are the natural soil drainzge and the applied irrigation
water. ' '

In the ferest and range lands these conditions are the local climate, the _
geology, the soil depth ard tenture, the glops of the land ard ite geogra- '_
phical orientation (aspect). ) 2 :

The tension of the soil moisture affects the structural characteristics .
& leaf area of the plants. These paramcters detesmidne the reflectivity

of the vesetationmal cover of ths soil (Mbyers 1970) . Comseguently the vellec-
tivity of the vegetatiow can ba used as a hessure of the eflfectivensss of

- 1 O.C K

Seay b e, 1. T I B [ - P T R T S
ITTICATION 1N WiE agrlc‘..,...!.th.l._ai ands and of the site guall

[VSA

‘The false color compoeite space photographs show a range of rad cclors
corresponding to vegetation. A close inspection of the axeas of various deg-
rees of hrightness of the red color on the photegraph indicated the pos-
sibility of assicning them to respective site classes. (Omme et al. 1971,
¥ruome et 21 1871 2v3 Coluell 10 2% v}'?;:'n»?‘
EN - L B e o LR~ By B ey o . . \"‘I--._]::ﬂ;"
- I Bon Y B
Ground truth deta collested through extensive field observations confirmed '
the akove hypothesis

LY S A

It vas found on hich elovations, vhere the climate is humid 0 subhinid,
T i iuan e vate nlving poveer OF the
ik o Tonde B vecoctaticon

I on sites with
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M58 data ot x 16 mzgnification ware used for fthe irdentification of the
OuwvﬁL salina soils of Greece, as it is shown in ficure 4.
The separvation was made bv carparing the Quauﬂ,wmy wwnmcomﬁ ,,:mo tegraris

of the green channel with those of the infrared chamwel.

¥ ]

A test avea was selected in the Skala coastal plain south of Sparta in
Pelop ponnes2, where detailed growd truth information was oollected.

b
1.

™ w&nﬂmf irrigated crops, wei lard and saline soils are shown derk en

the gresn channel w.sbuum'n arhs. Thus, they cammot bz separated. On the

- photograph of  the infrared ,Hu..chwm. hovever, irrigated crops and vege—
- tation on wet land are highly reflective and Guemr light areas in the
- photograph. In contrast the szline soils are dark both in the gresn and
+ in the infraved bard. Due to roisture stress, the Ho;Hm..,rb‘pJq of the

=3 Sr
vegetation in also low and contributes to the Garimess of salt affected
(. BYEAS (Mayers 1970 owrﬂrb 1971).

m_wE.um z0ils can ba m.uv:t,n.ﬁm.u from the non saline kere soils of the ares
.UM comparing the above photographs. Bare non sz2line soils ave less reflec-

" tive than ths saline soils in the infrared band. Thuo 1S, .&54 are shown as

C.mp & spots in the green chammel and dark in .._fméwHom ¢hannel, wnile as it
*was indicated above the saline soils appeex nmw..ﬁ th w Ennels.

8

* Wet soils.

1 Poorly drained soils ‘are mm,,.,.s,l;mu v darker than well drainsd soils. Th
K @,_.,mmmrm. ces in ths HnLooﬁEﬁ Y were not great enough o allow a dive
-.so0il drainage classification in the 1:%,000,000 scale m&LﬁOﬁerfh.

. Terncoral di ﬁmmﬂmﬁnmm :Uw b2 a usgful .nDu.hl but at present such data mr\m
lacking. :

.

21
.

eCn

= ﬁam recognition of poorly drained sodil

s and wat lands in a2 semizrid and
subhwmic country, such as Grescs, can be based on the reflectance of the
+-vegetation. ‘ :
..w.q, it was discussed in the lerd use and the site cvaluation seetions of
~ this report, a high water supnly nmﬁwuww._. 7 O the soil causes a chaxyy
la bands and

Qmﬂﬂmnmn in the refl ectivity of the vegeta ticn in the visib
_.w.ﬂ.m,.d increase in the infrared hands, ‘ ’

= Tha reflectivity of the plant leaves is krown to decresse in all bands -

vith ubnw.mwmmhm water contont {Mayer G870} . The insresce in the rrichtnegs
of the red color in ths Hn lge colcr nown,bnprm photosraphs, which was
chserved on sites SHFJ deguate supply Of soil vater, can be explainsd by

it
the denser dmumhnmfouhw cover in these areas.

In avezs vheve =21l weter ig & limiting factor for piant ¢rowth, an incres
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g . - fig 4 Cormputer proccessed digitee! Ms
. : \ H magery 6f Scalor, Plocin, gpa’rﬁa{,

. - Greéce. : : T
Q. Gréen band showing weland saline
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b, tmprosed bornd ;ﬁowf'ng the saline
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f1g. 4 Soil map of Scale, Plain, Sparie,
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E= Safiime soils. I
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in s0il moisture increasecs the monhar and the size of the plants and oone-
seguently the ratic of vegetaticon te bore soil » ater. Thas, an
enhancerent of the reflectivity in the 5 cbseuved in
wet s0ils during the dry rnonths of the year.

In the false coler additive photocraphs, taken over Gresce during the

month of Auvgust, poorly drained soils and well irrigated soils show a bright
red color. They can be separated, howsver, from each other fram their
spatial signatures. Vet lands are idle and no geomsirically sheped fields
can be chserved on then. ' '

Gecmorphelogical features. of the soil.

Ioportant s0il characteristics such ag perent materisl, relief, erosion,
" drainage, . stage of development end productivity are related to gegmor-—
phology. ' :

The black and vhite and falsz coleor composit photographs can be used for

the clzssificaticn of the gecmorpholcgical features. The best imagesry for
this purpese was the infrared black and white and the felse coloxr composite.
The following three classes, which bear dwportance to soils, were recognized
<~ in the 1:1,000,000 scale inagery:
(1) Mountain slopes.

12) Gently sloping tertciary depos
(3} Flat recent alluwvial plains.

[-2%

ts.

The sbove classes were reccgnized from their chavacteristic textures in the

- photographs. The mowmtainous regicns chavacterized by deep and large valleys,

gullies and faults were easily recognized. The separation of the tertiery

- deposits from the recent alluvial plains was made by the use of microscopic

" stereonscope. The tertiary deposits ere located on hicher elevations than

-~ the recent alluvial deposits. Erosion has caused, on the tertisrv deposits,
the formation of a network of guliies, vhich vary in Size and orientation.

- This network dissects the tertiary derosits, and produces a chavacteristic

- texture, which in many cases can bhe seen on the 1:1,000,000 scale Ehotograrh

by the use of megnifying stereoscops. The ressnt alluvial deposits are flat

ard thus lack the ercsionzl paterns of the tortiary deposits.

>

On the mowmtzain siopes form vesicdus] soils characterized by erosion hzzards,
depth limitationz and low productivity. The tertizry deposlis ars the pavent
material of deen soils with well develonad horizons, modorately exeded and

i Many Ca@ses Calicars Thezz soils are useld for dry favming. Their asri-

ORIGINAL PAGE 1
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COrizons.

.A..-.,‘..J..._\,‘\;1 . . " — P T . ) R —~
Tig ERTS1 Ehotocraphic dmagery vnis used for the correction of the
bourdaries of enils davelored o tertiary and recent alliwvizal in the
] Sn - 4 - - Ll . — ’
127,000,000 zcale soii rap on Greeoa,
Anelvegisg of Digital Inagery

Dizitsl data of Frames: rErs-1010-08375 (Bsstern Pelopomesa) and
ERTS-1010-08373 (Central Gr ace) wore reformmated and prossssed by ths
LBu system/360 rindel (7 Computer at LARS of Pur due University. The
LEREPLAY and the LARSVERA programs (6) were usad for the processing of
thz data.

- = = R~

Festure vectors were aralyzed and classifisd into 15 spectral classc
by ths LARSYSHL ~rogran, Tne cooputer was insiructed to print meps of

N -

5

¥l

1
ths above two provinces of Gresce by assigning alphammeric synbols to
each of the classsag. . . .

» ore detailed study of the fifteen cl 3
Plain, where sufficiens croond truth data viere oo

- Of Fugust of 1672,

1)

[y

in

Lo

m

o

&

= O

- : ) - .-. B ) - 0y .. L) - - ]
The Iopats plain is located ahout 70 miles month west of Athens. It con-
s S Tornd o] Tatea . Ny o N R
5i5cs Or a crained lake bsd, which is urarily vsed for irrigated agri-
S T o 2 5 1 1 P T F e 5
plain i 15 COnSisting of limsmsions rook

3

* ; tertiary end quaternzry cdepositz, -
wWhich have ereas covered by strubs and trees, intermiwed with fielgs

o

. Ch 'S OF the speciral classes of the Xouals Plalin are. given
in tzble 2. The modzlity of the histograms for each class and channel is
shown in table 3. The classes can be charadterized as unirodal excent for
the classes 4 and . : red i 0 s s,

2, virich could e sspardted into tvo  suielasse

PAGE 1B
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Takle 2. Pelative re

Spectral
class

. v F-r e e g e
ivity of the spodtrs
bl
3

Totzl =
A ()

Energy at
AN
LY

pE0 - 0,70

1/15
2/15
3/15
£/15
5/15
6/15
7/15
8/15
/15
106/15
11/15

40 /40
LY

13/15
14/15
15/15

152.31%
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Inergy
A {12)
0,70 - 1,10

‘Ratio
?:. 0370 - 1

£5.15
£7.03
62,64
53.47
55.88
£5.77
£5.44
£G.02
45.89
G075
53,60
5757
£8.64
47 .4

25.7
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Table 3. Modality of the histcgrame of cpectral

Spectral

Bands

class 4 5 & 7
1/15 uninodal Linodad . wninpdal uninondal
2/15 uni - Ui - bi ~ wd -
3/15- mi - uni - Li -~ wnl -~
4/15 wii - hi - el - i~
5/15 uni — uni - uni - uni -
6/15 uni ~ i - wni - i -
7/15 uni — wng -~ i — uni -
8/15 vni - wni - uni, - wii -
/15 wi - wi ~ uni - tni -
10/15 uni - uni. — uni - uni -
11/15 unt, - bi - 1mi - uni —
qz/js 1.13_1_.‘; - Wil - uni — i -
13/15 uni - i - i - wmil -
14/15 uni - - i - bi -
15/15 uni - wii - uni -
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e
Tationzl cover., Defod mur:awa raving thoir red colered B2 DOYIZCH gumapgedt
on the surface belong aiss to the spactral class 1. .

Indeed, ground truth data have shem that the brighter spectral class
.should be assigned to flat bare soil suriaces of thae hottealand pb m

piouching, the marl vos breught. to the surface of the soil in ANy Ioeae
wMo_Jw. ﬂﬁm @il surface has the hichest total reflectivity of ali +aq Ctler
surraces in the stilicd avea. Tie reflected Srergy in the visible —ape

of LJE. spectrum is greater  +hen in the infrared due to th £ e

)

55 rmamed "evoded soils", is found roih of the mETly
N the evodsd giones of tha

0
ot}
o

sses 6 and § were mmmﬂm ed £0 the bare $0il surface. Fron

asses the firgt wbm higher total reflectivi ty than the sebong
pectral ratios, however, are abost rvm sat2, The histogramg

in figure 5 also irdicate that two bare s0il surfaces can be recognized,

[

J

= eag
viere the marly pRrent material has not besn doUmp Class 8 should be

e 8ssigned o ths rocly swrfaces of the @ﬁ»oaﬁm@m he bottomlard hills,
1

5% Tha recoecniticn, ssnarvation and Y mEpping of. the &uoan three classes of soi
& can be reg rded as a mHaJ..HHnnr achievenent toward the gesessment of tha

These hills have ths ijmmromm bedrock e the greater part oF g
m.rowubq surfaces. The vegetation ig sparse and it vas ﬂOmrTa Gry during
.E,.m Hm,)ji;. ng of the spectral mBrln. r:. ERTS-j

.l\flll'.\l

Hﬁm roughness of the curface and @m @{mmmﬁcm of dry vegetation cculd

e @owmxwww explain the Jo...a,w.un reflectivity of s nhﬁmH class § as compare?
*7 o spectral class 6. - . .

el buomsuﬂ:.r of the studied arsa. Thus, spzctral classg § correstonds 0.

77 Spactral class 7 wes ess
~ - the data were recordesd by ERTE~1, the w

6 and 8, vhich vers as signed to bare soil. Due +0 the 5105._ mw
Coand the minnteimss of the 201l and straw surraces, the whoie reflesting
| sSuriface oppzars uniform. For this reason. the Hmcﬂﬁ;ﬁ;ﬂ errromﬂm;m e FEYYoV

S irrigated and thus were highly Hmﬂm) ilve in the infrerved wave lendhts.
T o

-

-+~ highly product M.am mcr; and spsctral class 1 corresponds to unproductive eoil.

igried ,rb. .,..&n.:n fisids, .m...n the time that
5 Test mwmwmm p ;

conly, short dryv strauw rerained cn the ground. Thus, bare s t

& large por w:uJ of thz reflecting surface. Aecordingly .ﬁ:m D er.g.. data

.ﬁmbfm 2} of ciass 7 do rot Civiate singnificantlv fr Lnﬁom f the clagses
tribut

—~

Spectral classes 2 and 3 were assigned to alf
th classes ara Cheracter jzad by low sosctral raties. mOEu crom;s 1 e

Tl
Hywever, durin the month of Eucust alfelfe
Gresnar surfacs thar cocion hwmhmw. Ceneeries
Spetival ratio than cotion.'
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2. Wheat _ 55 ‘ Dry woads as wheat | ‘(‘3 L
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4, Trecs and shruhs a9 . Vine, alfaifa as shrubs '
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ESTTMA ‘“IC T Or COET BRINEITITE
Practicnl appl icaticons.
Land use and ecological gite rmaps of about 1:200.000 scﬂa can be prepared from
plack and vhite and false color coroenit : Twio deta collecticn dates
would b riecessary For Tastern editecrensan, -one It kpril and one in Zucust.

(]

The accuracy of the maps would ke abouh uf}“?Os.

Cigital dzta can be uszed for detailed crop indentificaticn and rapping with an
accuracy better then 50%. August would bz the hest data collie ction tire.

Digital data can also bz used for soil reconnaisance.

Iac*encies vhich vould use the results of this investication ave the 2gricul
E‘oxegt Service and the Departments of Coordination and Planning.

Decisions and actions affected by the information of the ERTES I""""j ect: are: a) The
selection of sgites for reforestation ) Soil conservation and irvigation practi~
¢ trade of .;ML,UJ tural :“"ouucu,.

ces ¢) agricultural policy an

ost benelit

0
7]

Due to the lack of sufficient data not asccurate estimzte of cost Lenof&tf‘ can bg.
made. On a roush estimate the information received from ERTS-1 costs about ten
times less than that obtained by conventional methols. -



